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COMPRESSIVE STRENGTH OF 2LS-T ATUMINUM-ALIOY FLAT PANELS
WITH LONGITUDINAT, FORMED HAT-SECTION STIFFENERS HAVING
FOUR RATIOS OF STIFFENER THTCKWESS TO SKIN THICENESS

By Williem A, Hickmen and Norrls F. Dow
SUMMARY

Results are presented for a test program on 24S-T aluminum—elloy
flat compression panels with longitudinal formed hat-section stiffeners.
The results for panels in which the thicknesses of the stiffener material
are 0.39 and 1.25 times the skin thickness are presented and incorporated
with the results previously presented for panels in which the thicknesses
of the stiffener material are 0.63 and 1.00 times the skin thickmess.

The results, presented in tabular and graphicel form, show the effect of
the relative dimensions of a panel on the buckling stress and the average
stress at failure.

INTRODUCTION -

An extensive experimental investigation of the strength of
2Ls-T aluminum—elloy flat compression panels with longitudinal formed
7Z—section stiffeners was reported in reference 1. The data presented in
reference 1 were reworrxed on the basis of a selected design parameter and
were used for the preparation of design charis in reference 2, A simllar
investigation is now being completed on panels of the same material with
formed hat—sectlon stiffeners in order to mekxe design charts and also to
provide an eventuel comparison of the structural efficiencies of the two
types of stiffener.

This compressiocn—panel test program consisted of four parts. The
first two parts, for which the thicknesses of the stiffener materisal
were 0.63 and 1.00 times the skin thickness, were reported in references 3
and 4. The last two parts, for which the thicknesses of the stiffener
meterial were 0.39 and 1.25 times the skin thlckness, have now been com—
pleted and are presented herein with the results of the first two parts.

The present paper deals only with the data as obtained; no attempt
has yet becn made to prepare design charts from these data.



SYMBOLS

Symbols for dimensions of panel cross sections are shown in
figure 1. In addition, the following symbols are used:

Pi compressive load per Iinch of panel width, kips per inch

t cross-—-sectlional area per inch of panel width, expressed 2a an
equivalent or average thickness, lnches

L length of panel, inches

c coefficient of end fixity in Euler column formula

Ocr local-buckling stress of skin or stiffener, ksi

E} aver;ga stress at failure, ksi

TEST SPECIMENS

A typical cross section of the test panels is shown in figure 1.
Both the skin and the stiffeners were made of 24S-T aluminum—alloy sheet
with the grain of the materlal parallel to the longltudinal axis of the
panels. The wlth—grain compressive yield strength of the skin material
ranged between 42.2 kasi and 47.9 ksi with an average of 43.8 ksi and
that of the stiffener material before forming varied between 41.9 kai
and 46.2 ksi with an average of 4k4.3 ksi.

For the tests reported herein, the nominal thicknesses of the skin
material were 0.102 inch, 0.064 inch, 0.040 inch, and 0.032 inch and the
nominal stiffener thickness was 0.040 inch. The nominal ratios of the
stiffener thickness to the skin thickness ty/tg were therefore constant,
the values being 0.39, 0.63, 1.00, and 1.25, respectively. With these
dimensions known, numerical values for all other cross—ssectional dimen—
sions can be found by means of the proper dimension ratios. The
stiffeners were formed from flat sheet to an inside radius of 0.125 inch

for all bends %z a For panels having % = 0.39, 0.63, 1.00,

and 1.25, the widths of the attachment flange by were 0.85 inch,
0.75 inch, 0.65 inch, and 0.55 inch, respectively. The rivet lines on
the stiffeners were on the longitudinal center lines of the attachment
flanges.

The NACA flush-riveting method (method E of reference 5) was
enployed in the construction of the test specimens. The rivet holes
were countersunk on the skin side of the panel to a depth of three—fourths
of the skin thickness, the countersink having an included angle of &0°
Ordinary flat-heed AL7S~T aluminum-slloy rivets were inserted from Lhe
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gtiffener side, and the shanks were upset into the countersunk cavity.
The protruding part of the upset shank was then milled off to provide

a smooth surfece. The rlvet diameters and rivet pitches used are shown
in the following table: '

Rivet Rivet
! ty/tg diameter . pitch
(in.) (in.)
0.39 3/16 1
.63 5/32 3/
1.00 1/8 1/2
1.25 3/32 3/8

METHOD OF TESTING

The specimens were tested flat—ended, without side. support, in the
1,200,000-pound—capacity testing mechine et the Langley structures
research laboratory. Within the range of loads used, the indicated
load on the testing machine was within one-half of 1 percent of the
epplied load. Provisions were made for setting the specimens in the
testing machine in such a manner as to maintein the flatness of the
panels and afford uniform bearing at the ends. Figure 2 shows a failed
panel in the testing machine.

Resistance—-type wire strain gages were used to measure sirains at
successive increments of load. The gages were placed in those locatlons
on the stiffeners and skin where buckles were expected to appear first.

METHODS OF TREATING TEST DATA

In reference 6, the coefficient of end fixity ¢ was found to be
gbout 3.75 for panels which were tested flat—ended in the same tesiing
machine used in the present investigation. Because the panels of this
investigation are similer to the panels of reference 6, this value
of ¢ was used in working up the present data. ~

In order to cbtain the average stress at failure op, the load
at which failure occurred waes divided by the cross—sectional area of the
peiel. No adjustment, was nmede to offset ithe effect of having &n unequal
number of stiffeners and bays. The effect of such an adjustment would
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be to %ecrease slightly the values of ¢p &t high velues of ;g
IJif" Inasmuch as the purpose of the present paper is to present -
c

test date, however, and not to prepere finel design charts, the adjust-—
ment was consldered unwarrented.

and

The local buckling load was determined by the "strain-reversal
method”" (see reference 7) as the load at which a plot of the strains
near the crest of a buckle first shows & decreesing strain with in—
creasing locad. The buckling load was divided by the cross—sectional
area of the panel to give the cbserved buckling stress. An adjustment
was made in the observed buckling stress to correct for slight variations
of the actual dimensions from the nominal dimensions of the specimens.
The method for making the adjustment is explained in the appendix of
reference 3.

Because stresses are determined by the relative rather than by the
absolute dimensions of the panels, nondimensional ratioe are used in

P
presenting the date.. In reference 2 the quantity i—i—- 1s developed

c
as & sultable parameter ageinst which to plot the average stress at
maximum load. This parameter is used in plotting the results of the
tests in the present investigation.

RESULTS AND CONCLUSIONS

The primery results of this investigation are to be found in tables 1
to 16 and figures 3 to 18. -

Tebles 1 to 16 (facing figs. 3 to 18, respectively) list both the

observed and the adjusted buckling stresses, together with the average
Py
stress at fallure, Tor corresponding values of . The nominal
’ LAV

values of © g are included in the tebles for convenience in meking
comparisons with other panels. Values of kaé; are also given.

In figures 3 to 18 the average stress at failure E} is plotted

against for the vearious dimension raetios used. The'in;tial dashed

Py
LﬁZ? i
parts of the curves were computed from the column strength of the panels
based on nominal dimensions and the combination of Euler end straight—line .
column curves recommended for 24S-T aluminum-alloy material in reference 8;
the solid-line parts of the curves were drawn through the experimental )
test points. _ : ' .

The following conclusions may be drawn regarding the effect of the
various dimension ratios on the strength of the test panels. It is
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assumed that as each dimension ratio is changed all others remain constant.
These conclusions can only be considered to apply within the renge of
panels tested.

Py

1. At very low values of (long panels that fail by column

c
bending), the stress developed by the panels increases with an increase
in by/ty because an increase in the height of the stiffeners provides

increased columm strength. For high values of T 1 (short panels

thaet faill by local buckling), however, the stress generally decreases
as bw/tw increases because an increase in the height of the stiffeners
decreases the local-buckling strength.

Py

2. At very high values of (short panels that fail by local

c
buckling), an increase in the ratio bH/tw tends to decreass the stress

developed by the panels because an increase in the width of the stiffeners
tends to decrease the local-buckling strength.

P
3. Except at very low values of 1 (Long panels that fail by

columm bending), the stress developed by the test panels tends to increase
as bs/ts is decreased because a decrease in the stiffener spacing in—
creases the local-buckling strength.

Langley Memorial Aeronautical Laborsatory
National Advisory Committee for Aercnautics o
Langley Field, Va., February 2, 1948
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Figure I - Cross section of a test panel
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Figure 2.- Panel after failure.
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TABLE 1
TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH ;! = 0,39 , g% = 0.6
8
Elonina.l proportions are given in pnranr.hascs:l
Proportions of test spscimens Teat data
L °’cr Pl
ty ty bg by by E (xsi) 5 Ve

(in.) ¥ Ts Tw v (in.) tg Obsarved [ Adjusted tkai) | (xsl)

{0.040)] (0.39) (22) (20} (0.6)

0.040 | 0.392 25.1 19.9 0.60 3,14 31.3 29.6 3.7 1,878
.ozg L3808 25.8 20.3 .61 5.28 (1.349) n.2 28, il.0 859
. 26 28,0 19.% .61 &,10 -~ - 23.6 086
LOka £9 28,1 §gio .60 12,53 - - 1.8 2217

T
0 .378 28,0 30.6 .59 5.31 - - 33,2 .91
.gé% .%76 23. 0.6 .20 &.90 11.430} 3.7 33.0 32,1 .530
. 5y 23. .2 .60 18,26 -— — i1.0 .21
040 382 2k,0 30.5 .60 21,35 14,3 15,4 i5.5 1o
(40}
. 378 23. 80,6 .60 .67 -- - « 611
.ozg ;1 2% 2 80,2 .61 12.5; (1,499} 28.0 27.0 32.1 .38
080 a1 23.9 Bo, b .60 20, 27.2 27.7 29.h .21%
.040 3 23.8 4o, 2 . 60 30,76 —— - 21.8 .10
(60)
.0 78 23.8 61, .60 12.5 14, 15.6 25.2 333
.oig .380 22.0 60.; .61 ao.zé (1,.621) 1 _2 12.7 22.3 161
.gzg 374 24.6 61.2 .60 33, 1h.% 1.9 au.l .119
. 376 23.8 40,6 -50 20,2 11.0 13.3 oi6.8 065
(35) (20)
.03 .39 35.5 20.3 .62 2.93 26.0 26.6 3.3 1.291
.03 .39 32.0 19.7 N 4,8% (1.275) 23.3 23.3 30.2 813
.0% .393 35,8 20.4 .62 7.53 23.5 23.3 26.5 k3
.03 .393 34,5 19.8 .68 11.52 - —= 16.1 RO
[$12]
.03 .380 34,5 go.z .60 u,98 24,6 22.9 29.9 821
.03 .382 34.0 go.z .60 5.36 (1,342) 2l 1 22.1 29.1 476
.0 .379 a2 1.0 .gg 13.32 25.6 ak.9 271.6 .22y
.0 . 380 3.7 31.4 . 18, == == 19.7 .135
(%0)
.039 391 35.0 41,1 58 7.2% 25.8 2 27.L .
.0 .392 g.o [ R .20 12.05 (1. kok) zz.s g;.o 27.0 .?2?
.g&g .379 sz.é 15,8 .60 19,33 25.8 28.0 26.8 .i98
. .393 .5 ug, 4 .60 28.9% 20.3 23.7 21.2 .108
(60)
Nl ;ss 4.4 60.9 .60 5.01 14,0 b ] 22.3 .28
.oag 85 3u.4 60.9 .60 8.35 (1.510) 1u.2 14,8 22.0 .16
.0 382 3&.6 60.2 .60 13.3; 13. 13.6 zl.3 .10
L0400 89 30,2 égsz , 60 20. 12,9 130 17,2 05
50) )]
.0Ro 382 Lg.7 20.0 .6; 2.72 22.3 26.0 27.3 1.238
1039 . 380 29.0 20.0 6 5,56 (1,208) 15.7 15.1 26,2 . {o
.039 1t Lz 8 20.4 .60 7.02 13.3 12.7 23.2 JLig
.039 L3848 49,2 20,4 .60 10.58 14.2 13.8 17, . 206
(20) X
039 98 51.0 go.a R) 8.59 14,7 15,4 26,1 .7
.329 .596 EO.Z ;o.a .60 7.24 (1.262) 14,5 12.8_ zz.o ,43%
.039 354 9. 0. .60 12.17 14,8 14,3 2k.o 254
.039 . 381 48,6 30.5 .62 18.37 15.7 14,8 17.5 ,123
0 1 uo) 2 1k 1k 24,6 Lgo
‘.géé 3% ?o:% Bl BB ann | B2 1223 2306 | ‘282
. .398 50, 40.7 .60 12.9h 15.9 16.1 23.3 .176
L, 0lo .398 50,0 40,1 .60 26.82 13.7 23.7 20, L108
(60) -
olo 389 49,3 50,2 .61 11,38 13.8 13.9 20.4 258
.039 .égg 49,2 1.7 .60 18.87 t1.5o%) 12.8 12.7 20.7 157
.0%9 . uq.; 51.0 .60 0.12 14 % 1k_ 9 18.8 .089
. . 387 ug, 50.7 .60 5,25 138 7 18,3
(75) (20}
.0 . . 20. .61 2. . . 22,1 1,114
ol | B B | B e | 43| 82| Bl
039 Aigzg 73.2 19.6 .63 W1 7. 7.4 17.2 +32
.039 . 73.8 19,9 .62 9,33 8.8 8.5 14,6 L18
(30)
. L3846 .6 0. .60 .0 13.% 12.9 22.9 678
.0%9 .;go ;;.o 20.5 .60 2.72 (1.189) £.6 8.1 22.0 .397
.0 .382 72.4 30.3 .58 10.84 8.0 z.s 20.k 228
.OkQ £0 12.9 30,0 L b1 16.27 7.5 .9 150 L1138
o)
.oko . 6. 1.0 . 6.11 . . 20.6 421
.oko .égg ;&.S 39.0 .28 10,03 (1,229) ;.g ;.% 21.0 262
.0lo . 379 72.h 9.2 .60 16.01 8.6 8.0 Q1.1 .165
.olio .382 72.8 S1 .60 24,18 7.8 2.4 18,9
(60
.0 378 . B .62 10,34 . . 18.8 241
S| BB B BE s | B[ 838 a8
. . . o . . . .0 . .0
oue | wsh | e | g2 | e (B 2 S 5 T B

é
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Figure 3.—Compressive strength of flaf panels with hat-section stiffeners.
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Figure 5-Compressive sfrength of flat panels with hat-section stiffeners.
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Figure 6.—Compressive strength of flat panels with haf-section sliffeners.
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Figure 7.—Compressive strength of flat panels with haf-section stiffeners.
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Figure 9.—Compressive sirength of flat panels with hat-saction stiffeners.
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TABLE 9
TEST DATA FOR FLAT PANLLS WITH MAT-SCOTION STIFFENERS WITH ;! = 1,00, ;5 = 0.6
s
Elo-!.nnl propertions are given in pu-cnthun:l
Proportions of test apesimens Test data
L 9 or - Py
tw b by by Ve T (Xe1) o | '8
Ts V% AT By {1n.) %5 Obsarved| Adjusted| (kel}| {ks1)
e+ 2 30 il s 23 37.0 5 3%.7 | o.918
:3?3 24,2 20.2 . 7.03 12.449) 58 ;7:2 ggix 55
.9;2 24 .4 20.2 83 | 11.20 1.7 20.7 .9 .288
.935 24,0 20.4 .62 | 16.78 - - 20.0 .117
352
Bee | Ak ok | BB | emn| = = 36'5 55
.95k 2416 3029 A ARTR \75 - -- ;2: .97
914 2.6 30.9 .60 | 27.16 17.7 17,0 20.3 ,082
(#0)
g o2 o S I+ - IO L 995) | 5.3 2.2 o | 3%
. . . . . 2. . . . .
o1 22.3 40,4 b2 | 25.02 3 z?.g 28, 30.% 'éé;
-936 2k.8 50.7 .60 | 37.54 19.2 17.h 22.7 -
(60)
.943 25.4 62.6 .61 | 1. 49 1k, 8 16.1 23.6 .21
.953% 22.6 61.5 .60 | 24.05 13,369} 13.4 18,1 gé.z .13
.9 2k.6 62.0 W61 | 38,50 1;.2 14,1 . 'oz'
.oh2 2k, 8 60.9 .61 | 57.73 11.8 12.2 17.9 082
.gaE ‘iE?u (5335 .?2 4.0 29.1 25.8 37.1 .806
.99 2.7 20.3 . 6.8 (2.212) 23.0 2 .z 32.; R
.9%6 31.1 20.0 J54 1 10,91 30.6 zg. 31, .252
1.033 32.0 19;; .59 | 16.37 19.7 18.4 20.4 .110
1.032 ;2.6 29.8 .28 6.71 28.0 25.1 33.2 49
974 1.0 36.0 . 11.19 (2.491) 30.6 25.1 32.0 .zsé
. 004 32,2 30.2 .60 | 17.88 30.4 26, 31.1 .gz
1.030 31,4 8.6 .60 | 26 89 22,0 17.7 2.9 , 085
1,00 2.4 31,2 .58 9.30 26. 23.4 284 .
.991 32.2 39.8 .gg 15,59 (2.722) 2 .Z 22.2 28.2 .335
1,026 32.4 35,8 . 2.8 .g 23.1 28.2 .1
1,038 32.3 ‘Zg;a 61 | 37,2 22, 2b.2 23.3 .
1.080 32.8 58.3 .60 | 1k.42 13,8 13.1 22.1 .190
1.028 g}.g 58.7 .29 23.98 (3.091) 14,9 18,2 az.z 11
1.018 2, Zg.o 6o 8. %2'2 4.7 21, .062
1,028 33.6 .8 .60 | 57.57 .0 16.4 19.9 043
(50) 120)
970 Egg 20.9 61 226 18.0 18.9 33.6 .671
,952 0. 21.0 .59 . 2 (1.974) 19,k 19.; 34,2 808
'3ug 33'5 e o8 %g'gs E;'% Ge 53'3 $1:
. . 0. . . . . . .
.986 49 8 29.8 .63 6.61 17.2 17.1 32.0 .%30
989 5.2 30.8 .gg 11.00 (2.219) 17.8 18,8 3l.2 252
1.018 50.% 30.0 . 13.5u 20.1 20. 29.7 .150
1.032 B1.2 ‘ggse 62 | 26,38 19.8 20,; 21,4 072
971 50.7 4.0 .58 9.1 17.9 18,4 . .29%
1.33 50.6 25.7 .23 13.3 (2.430) 11.4 15.3 2}_3 .132
_922 49,0 1.8 . 2k, 19.1 18, 26.0 .10
1.089 50.2 3:6? 62 | 36, 20,3 20,5 22.2 05
1,020 5o.Z .6 e | 14,40 1.9 4,2 22.6 175
1.007 go. .0 .61 | 23.94 12.780) 14,8 4.8 22.0 .102
1.028 0.6 0.6 .Zg 38.18 15.1 14,4 21.8 06k
1.032 51.8 60.0 57.20 18,8 13.4 18.6 .036
1.029 (75{ {zoﬂ 62 75 8.2 8.4
. . . . . . . 0. .
1.023 327 IZZ .65 Z 4 (1.733) 11.5 12.0 g9; -ggg
1.032 72.3 19, .60 1 20.11 11.4 1, 28.1 . E
1, 76.0 t9.6 .58 | 15,04 9.5 9.; 19.7 .og
07 -
1,042 76.8 25.3 .52 6.80 10.b 10,9 30.0 .363
1,091 77.2 28.2 .gg 10.63 (1.935) 10. 10.9 31.0 225
1.0 76.8 29.2 . 16.98 a.é 9.2 27.9 .12
1,072 77.5 %%6? 59 | 25.38 1k, 15, 1;.3 053
1.035 76.4 18,8 .59 8.58 12. 13,2 27.2 .259
1,008 £.0 9.2 15.00 (2.115) .Z 10, . .
LS| K| | g my | eww| 3| 2F | 2E) W
1,063 21-8 %s. .58 20,9 11,8 19.% L087
1.047 77.3 59.0 .59 | 140 16. 17. 21.6 1k
1,050 76.8 57.7 .20 23.2 (2.423) 11.2 12.2 21.6 .osg
1,052 76.6 57.8 .59 [ 37.88 9.7 10,2 21.3 .055
1.0 77.7 57.6 .60 | B6.55 13.6 14.6 17.6 .030
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Figure /l.—Compressive strength of flat panels with hat-section stiffeners.
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TEST DATA FOR FLAT PANELS WITH HAT SECTIOR STIFFENERS WITH W = 1.00 N

(0.0uo) J(1
.osg
.0
0
05
o
&
039
g;g
039
<039
038
o§§
.03
olo

9
I
0L
.%o
040
.gt% .
040
o1
olo
ol
0,
gﬁf
038
0
8
039
1039
?1‘%
MY
o
0|
el
| 20L] |
i
.03
0ir),

28




NACA TN No. 1553

29

40

TTT T[T I T T[T ¢ T[T T TT

71

LU L BRI LT UL BLAL UL UL B B 20 L B L UL B B S BB

0

T

30 >

e

20

L AL LR BRBLRLEE BURLBLELE B

f/ i
10hrt L4
/ I

35

p ol g v sl da s Ty ardrava iyt

doose ) et aaaleaaa daaaa e sy

Ll

k
_I_
Q
NF

0_-‘
r
N
o

TTT L[S LT E [ T T T RT

TTT T rITrrr

LJNLIE 0 I 0 O LN )

TTT YT F T [ 3 T T T[T T[T C [P PP T[T P s [ LT LTy

30

20

LI LI LN L I R A L L)

&,

L

s Lo

L
fw
o 20 ]
o 30
/ o 40 .
¥ v 60 .
3
}l? j
’ -
I 3
] -
. — 3
50 r 75 3
srsalag v e lsrgsles 3

0 paas Ve e Ve s o 1oy

pacd e Ve by By lrve by

110 fyars

F— 02—

i

LAE’

ksi '

Figure [2-Compressive strength of flat panels with hat-section stiffeners.
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TABLE 11 -
TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH W =3 oo , §5 =1.0
ts
Euliml proportions are glven in pu‘entheuﬂ R
Proportions of test specimens Test data
T o Py
t % L - T,
L4 ¥ bg by by b3 % (Xel) 4
tn) | T s Ty B | (4 t;  [Cbserved [ Adjuated txe1)| txai}
(o.g;g) (l.ggé tg ) lgg)s_ ll.gg "6 370 35.9 3.0 o.78
1039 :92u g 20.8 56 | 7.63 (z.388) | 35.8 03 37.7 g4
.03 L9481 24 & 20.k 1.00 | 12,28 - - 32.0 .257
L% ) | 25,1 é%,s_ (9% | 18.80 - - 21,2 110
040 9 25.0 30.0 1.00 7.21 ;g.z 27.7 313.4 .4;8
.ozg 928 2 'R 30.8 1,00 | 12.16 (2.620) .8 27.9 32,8 .283
. .956 2k, 30.1 1.00 | 19.44 -— - 115 170
038 .922 R 31.0 1,00 | 25.85 20.6 18,9 22.1 .079
(40)
.039 .9 4.8 0.0 1,01 | 0.01 4.8 22.3 27.% .306
.039 .9 25.2 41.0 1.00 | 16. (2,795) 21,0 16.7 2Z.5 sk
039 | 1,02 27.6 10,8 1.00 | 26,71 22.0 26.2 26.2 110
033 .9 2u.8 40.2 1.00 | 39,47 21.0 19.3 22.5 063
(&3]
.039 9HE 2&.2 61.2 1.00 1;. 1 11.8 2.4 20.7 L1648
.0%9 .9 2k.0 61.1 1,00 | 25,59 (3.038) 12,2 12.6 21,0 .100
.039 .9 22.2 61.8 1,00 uo.?{ A 12.1 19.0 05
038 .g42 26,4 60.2 1,02 | 61.1 11.0 11,7 1k,4 .02
(35) (20)
039 .976 gz.o 21.3 .96 4,52 30.4 26.4 34.5 .669
1,023 2.5 19.% .98 7.51 12.188) 30.0 26.2 8.5 402
ouo .986 .0 21,6 .92 | 12.07 -~ -— 30.9 228
.041 | 1,030 32.2 %gi5 .98 | 18.09 20.0 17.0 21.3 ,103
1307
.o40 | 1,02k 32.7 30.4 .98 7.24 26.4 23.6 30,2 ok .
.onb 998 32.7 1.2 .56 | 12.07 12.416) 28.1 22.2 29.3 .235
080 { 1,082 32'5 o.z .58 | 19.3 27.6 2b.0 25.0 1
O | 1,038 3.8 29, 1.02 za.gg 21.6 25.2 28.5 .07
TFSTY
081 | r.020 32,3 gg.s 1.00 9.95 19.3 21.5 25.5 263 .
022 .9 33.0 Wb 1,00 | 15,561 12.595} 19.; 21.7 25.1 157
. 1.020 ; .0 39,2 1.00 | 26.50 18, 20.3 z;.o 038
,081 | 1.022 .0 38.5 1,03 | 39.74 20.1 23.1 2.1 .05
607
.039 . 31.8 62.0 .98 15.52 10.6 10,4 19.0 J1%2
W04 | 1,032 gz.o 57.9 1.00 | 25, (2.851) 10.7 11.6 19,8 .089
040 | 1,021 2.4 59.2 1.00 [ ¥0.72 10.0 10.9 18.2 051
ob1 ) 1.038 31.8 58.9 1,00 | 62.00 11.7 11.2 15.6 .029
150) (20)
039 .966 gz.o 21.0 .91 4,43 18.2 19.0 ;2.2 580
.039 .915 0.0 21.8 .8 7.31 {1.976) 21.4 2i. 3. 561
039 .968 50.2 21.1 .9% ll-Zl 19.1 19. 29.7 .200
. 1,014 50. ;g.a .86 | 17.64 20.5 21, 22.1 .099
307 °
o4l | 1.032 50.6 29,0 1.00 7.15 17.0 17.4 30.8 .377
.039 .978 50.0 30.8 1.00 | 11.87 12.191) 19,7 19.7 29.8 .220
.05% .966 20'6 31.2 .98 15.2; 18,2 18.7 z7.z 128
039 918 8.5 (2337 .98 | 28, 20.1 18.8 22, .069
o1 | 1.032 1. 9.4 | 100 [ 9.8 16. 17.6 . .2u8 =
1 1.034 Eo.g ;s.s 1.02 16.3; 12,36k4) 15.3 18.3 2 .E 146
osl | 1.019 9. ;9.0 1.00 | 26.18 18,2 17.8 2 .; .031
1,000 50.8 9.4 1.02 | 39,37 19.2 19,8 20. .089
T60)
1.00% 1,4 61.1 .98 | 15.20 12.7 12, 19. .116
o411 1.038 29.5 58,2 1.2 | 25.34 (2.628) 13.1 12.3 zg.g .033
o1l 1.0 50.4 57.9 1,00 .50 13,1 12.2 19.2 050
041 | 1,036 50.6 58.5 .99 | 60.72 12,6 11,8 15.2 .026
(75) (20)
ouz | 1.061 77.6 19.2 .94 4.23 11.0 1.8 31,1 515
.gﬁé i.ggu ;Z.g %9.1 .97 11.25 (1.753) %2.5 }i.g 29.3 .29&
s | 1942 77.4 13;5 3k 11; 118 R 1386
50
L0431 1,106 72.5 28,2 .98 7.00 10.2 10.9 28.8 .319
oal | 1. 76.8 28.8 1.00 11_32 11.938) 10.2 10.7 26.9 st
043 | 1.092 7z.s 28.0 1.00 | 18, 1. 12.6 26.9 2113
76,8 ES?E—- 498 | 27,68 X1, 12.2 21,0 059
]
.oag 1,004 76.8 4o.l 1.00 9.65 10.3 10.8 23.3 .20
082 | 1,062 77.6 37. 1.00 | 16.00 (2.100) 8.8 9.k 23.9 12
LO4Y 1.332 7z.3 39.2 99 | 25.71 10.1 10.8 2h.2 .079
082 | 31, 76.0 ‘Egio 2,01 | 38.52 10.8 11,2 19.5 2 -,
041 | 1.060 78.4 zs.o 1.00 | 15.05 g.2 10.1 19.6 .12
ou2 | 1.064 76.4% 0.7 1,01 | 25.08 {2.355) 10.6 10.8 19.4 .0 ;
ou2 | 1,066 76.8 22.3 1.00 | 40.18 9.9 10.% 17.8 .082
our | 1.05% 76.8 .8 1.01 | 60.11 14,2 5.8 14,3 .022
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Figure [3— Compressive sfrength of flat ponels with hat-section stiffeners.
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TARLE 13
TEST DATA JOR PLAT PANKLS WITH HAT SECTION STIFFENERS WITH W w 1.25 , D2 x g.¢
t ™

8
Eominn.l proportions are given in pn.rontho.aﬂ

Proportions of test specinmens Tost data
oy '1
tw ty by by by & T (1) T | tAvs
() | T8 T L ] (1n.) Ty  [Oowerved [ Adjusted|  (ks1}| (kat)
(0.040) | (2.25 (35) (20) (0.6
1.2 .2 20.0 . .36 . 2. 8.2 | o.
IR E I I AR A AR
2059 | 1.19 33.8 (;giz 162 17:5; 19.3 18,0 28 362
.0ho 1.240 .2 0.2 .62 6.91 - - . .
. g i.ggo 55.2 gg.z '2% %%.ga (3.062) 5&.3 g%.é %g.; .gg%
036 | 1.2 3.2 (io; 2o | 27281 358 27.9 2522 <077
0
0 1.21 3ﬁ.h ho.i .60 9.53 30.0 30.0 31.3 35
B im BT B8 | e | 0 B2 2
(033 | 555 | 333 40.0 8 | 53:58 18.7 18.2 20.6 -059
(60)
.0 1.20 .2 61.0 .60 3 .6 15.1 25.2 .198
.o§§ 1:503 gi.s 6o .61 %§f¥1 (3.860) iﬁ.; 12.2 22.1 138
'8i 116y | 348 62. 6o |3 .gu 1.2 1s5. 22.3 071
ho | 1.200 | 33.6 60.2 .60 | 57.85 13, 15, 18.% 039
oo 1.220 (Zg)z (ig)s 62 L.27 2.1 22.8 36.6
ko | 1.223 ﬁgiz 15.8 <A It | (2.360) ggiz 2.5 361 . ;
oo | 1.230 .6 15.6 .22 11.33 . 27.1 30.5 .20
039 | 10515 | ko1 (;g;o . 17.%0 _ =i 21,5 21, .qﬁi_
.0 1.188 48.6 0. .60 6. 21. 21.0 .0 42
.g§§ i'ie ﬁg.g gg.h .23 ié.?% {2.710) gﬁ.é 22.9 2%.0 .ghs
039 | 1.2 19.0 (Egis 60 | 27. 19.5 6.9 203 :%ﬁ?
039 1.20 L9, Lo. 60 47 2 .2 23.2 zg.z . 2
'829 1.208 ﬁ9.§ uo.é .gg %E. ] (3.000) ii. §5'ﬁ 28.9 .22
:053 1.183 ug:7 (6§§2 .60 | 37.76 zgfz 1329 25 :052
.0 1.1 o6 60.8 .60 48 1. .2 22,6 .1
038 | 1Ll kst el | o %.“ (3.470) ﬁ.ﬁ Wil BE | M
. Zo 1.216 Ls.0 60. .60 | 38, ol %2'5 21.2 061
.0Lo 1.202 L7.6 60.6 .60 | 57.92 13.6 o3 18.1 035
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TABLE 14
TEST DiTA FOR FLAT PANELS WITH HAT-SECTION STIPFENEHS WITH 'H « 1.25 , Pg = 0,8
ts
Elcninll proportions are given in pnrenthonu]
Proportions of teat spesoimens Teat data
L %or Py
bt ty bg by by | V& T (xs1) % (/e
(1m.) | *g T 1> B | (1n.) %5 Gbaerved | Adjusted (ks1) | (k1)
(02 9 %2%2& (;226 (282, (OIQA h.58 35.2 37 52& 0.693
.039 1.203 34.9 20.2 gz 7.60 (2.6L45) - -— 36. 1406
039 | 1.20 5l..0 20,2 «82 | 12.16 - - 52.2 226
.0%9 | 1.198 3L .8 20.6 .78 § 18.15 19.3 19.2 21, .099
{30)
.0 1.221 .2 0.6 .80 .22 28.8 . . 458
.oag 1.220 ;El 20.1 .82 12.05 (2.985) 32.2 §22 %é‘g 22
.03 | 1.22) Bl 29.8 .82 | 19.2% - - 29, o1l
200 | 1.210 35.0 30,2 .81 | 28.83 26.5 26.5 21.8 .072
(4,0)
.0 1.188 . 0. .81 22. 21.6 28.8 .
8§§ i:{ g ?33; hg.é gg 12% (3.250) g;% g ?_83 i.;}oh
2039 | 1.19% 317';:2 ho:g .81 59:22 20.6 238 513 -059
(60)
.0 1.1 .0 60.8 .81 91 12, 12.0 21. .1
.033 1..218)iF ;u.o 61.0 .80 allh,uga (3.640) 12.; 12.6 a.7 ..1(6)’6
L0395 1 1,192 5%.5 61.2 81 | 29. 5.3 13.8 2o.ﬁ 060
1038 | 1.1 3L.7 61.1 79 | 58. - .5 1%.1 6.1 | .03
(EO) (20)
0ho | t.19 o 19.8 8l L .55 25. 23 .3 55:; <590
039 | 1.17. Lﬁg 20,2 .83 T7.50 (2.352) 25, 25.0 35 . 3&
«039 | 1.200 . 20.12; 1 11.31 32.3 31.1 30.8 .
039 } 1.193 18.6 20. 80 | 17. 21.2 20.0 22,1 «093
(307
OLo | 1.216 2 0.2 .80 .1 25.6 25,2 2, 386
.;:lh»,o i‘;a.gg 13'?2 gg.g .gg {J?.g (2.672) g .g zzé.e %2% .%55:
1050 1:199 £3:¢ 30:¢ ‘8o | 28:82 1325 19:;’ 2 ot
(40}
.0 1.202 9.2 .8 .80 .84 20, 29, o7 2
.033 1.19% Iﬁglg ?3.3 .82 12.35 (2.930) Zl.g 23% ?2'5 1
.00 1.22; ZO' 9.6 .80 | 26.11 20.2 21.0 5 095
2039 | 1,21 S .8 (6gi2 81 | 39.12 19. 9.} 20.7 050
040 | 1,222 K 60.8 .80 .96 3. 13.1 21.0 .
. h0 1.13& ﬁg 60.; .80 :’etgz (3.320) 12; 13. 20.7 %%3
039 | 1.1 .6 61. .80 59.33 10,2 9. 12‘3 .051
000 | 1.169 h7.3 61.5 . 59. 12,0 10.8 1 .029
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Figure [6.-Compressive strength of flat panels

with hat-section stiffeners.
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TABLE 15 -
TEST DATA FOR FLAT PANELS WITM HAT-SECTION STIFFENIRS WITH ;1 = 1,25 , E% x1,0
8
Eominql proportions are given in pn‘onthueﬂ
Proportions of .tnt specimens v Test datn'
P
L Sor i
ty tw bg by By Ve T (xst) 5 |V
(in.} s Ts Ty By {in.) s Cbaerved | Adjusted (ksi) | (xs1)
(o.040) | (1.25) (53) (20) (1.0)
.039 1.214 4.3 20.4 1,00 4 7k 32.7 33.0 36.6 0.647
.039 1.204 35.1 20, .98 7.%89 (2.617) - - 35.1 .378
.039 1.190 33.0 20. .99 | 12.61 30.8 29.6 32. .21
,080 1.198 34,6 21.0 .96 | 18.87 20.2 1%.9 21.2 .09
(30}
.0 1.19 L.8 0.6 .98 .46 27. 26. 2, 40
.ogg 1.22 %5.1 go.l 1.04 15.44 (2.920) 25.2 26.3 §e.Z 287
.039 1.216 33.2 30.2 1.01 | 19.84 28.3 28.9 29.8 .1%0
.039 1,201 34,0 30. 1.00 | 29.70 20.7 19.6 22.2 .070
140)
.0 1.19 4.4 k0.9 1.00 | 10.07 13.9 13.8 26.6 .266
.o§3 1 153 ;n.s 0.6 1.02 | 16.82 (3.150) 13.0 12.9 26.1 .156 .
.039 1.193 34,0 40.8 1.01 | 26.93 1z.9 18.0 25.2 .094
.039 1,212 33.8 39.3 1.02 | 40.38 16.9 16.8 21.5 .054
(60)
.039 1.212 3h4,2 60.6 1.02 | 15.35 8.3 8.3 20.0 145
.0 1.210 32.6 60.0 1.00 | 25.50 (3.472) £.2 £.0 20.2 .088 y
.gﬁg 1,200 3.2 60.8 1.00 | 40.%2 9.4 9.0 18.7 .051
. 1.218 3l 2 60.1 1,00 | 61.22 g.2 9.0 14.5 .026
(EO) (20)
.039 1.200 L 20.2 1.04 4 74 2k 1 22.8 34,0 .538
.olig 1.210 Lhg.6 20.0 1.04 7.79 12.348) 22.5 24 .4 33.4 .322
.00 1,218 u9 .4 19.8 1,00 | 12.43 2.3 23.7 29.1 176
.039 1,200 49.6 (2055 .97 | 18,63 13.0 18.4 20.9 o8l
30
.039 1.145 46.6 30.6 1,01 7.44 25.0 22.2 31.4 .356
.039 1.19 ug.8 30.6 .92 12.35 (2.640) 23.7 22.5 31.0 212 =
.039 1.203 Lg. 8 29.8 1.0 19.58 24 & 23.8 2%.3 .122
.039 1,198 ug.2 30.8 1,00 | 25.53 19.8 18.5 20.9 060
(40)
.0b4o 1,228 49.9 45.0 1.00 | 10.06 16.2 16,2 25.8 .235 R
.040 1.217 49,1 4o.2 1.00 | 16.%2 (2.870) 17.5 16.7 25.6 .1
.039 1,203 51.9 41,4 .97 | 26.88 1z.2 16.4 23.7 .081
039 1,201 50,0 (29iu 1.02 | 40,30 16,31 15,5 20,8 087
o)
.Olio 1.232 59.9 60.7 .99 | 15.34 9. .2 19.8 A
.00 1.2%& g 1 60.4 1.20 | 25.60 (3.200) 11.2 12.1 13.5 .Oig
.oko 1.196 49 60.2 1.00 | 40.85 9.5 9.2 12,1 . E
.oko 1.204 45.5 60.8 .97 | 61.30 10.8 10.4 k.5 .02
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TABLE 16
TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH :! = 1,25 , ;% = 1,2
S

Eiominul proportions are given in pnrenthqhog

Proportions of test specimens Test data
P
%ar 3
M|t by e ?‘i" € (xs1) % |tAs
3 FE L By (4n.) T3 Observed | Adjusted (leal) | (st}
1.2 20 (1.2
(1.28% (;Ezo (2022 1. 3 %.e 26.h 25.2 3L.8 0.591
i | A | B3| EB|agw | | B | #% | 83 [T
1.204 | 3L.6 (zo;o . 1340 21.1 20.5 22.6 59
%0
1.202 .8 0. 1.1 .6 19. 18. 1. .376
1.192 ??.e 29.3 1.22 13.63 {2.868) zg. 20.2 ?;.i .ZZO
1. 53,3 25, 1.23 zo.ﬁt - - 29. .1
1.182 33,2 30. 1.23 | 30. 20,0 19.6 21.8 .0
(ho) .
1.188 33,0 ‘9.6 1.2 | 10.34 19.8 20.7 25.0 . Z
1.192, 5&. 0.2 1.2 17.2 (3.070) 15.9 20.d .6 .
1.258 P'Z 39.8 1.2& 2;.2 %§'° k. 23,2 .08%
1.153 2;.& 35,7 1.23 | .29 .6 13.; .8 L0l 5
(60)
1.212 ; .6 1.22 | 15.6 .1 1 19.2 151
1.21) 2% 8.6 1 2 og (3.340) §.2 .6 1§.1 .058
l.222 1 8'% .g % .2 .

S
VNN oNE N
gl
o o+
o PR,
P‘g COONO\D
EE

1.184 1. .8 . . .0 .

B B e B B BB

i.2i3 | co. 20,2 | 1.5 | 29:21 15:5 FER 21.2 it
(30)

1.186 L8 20.7 1.20 7.28 18.7 18.1 29.6 32 ’

1.198 L.k 30.1 1.21 | 12.64 (2.615) 19'8 18.5 29.L <19,

1,200 Eg.o 30,2 1.20 | 20.23 20. 19.6 27.2 11

1,202 .8 0.6 1.19 | 30.30 18.6 17.7 20. .05 .
(40}

1.182 o1 0.2 1.20 | 10. 11, 11.0 . o21,

1,202 ﬂ;.o io.h 1.20 17.;3 (2.820) 12.3 12.3 gﬁ.g .122

1.212 hg.z 0.0 1.20 | 27.43 11.0 0.6 22,0 072

1.178 18,2 (40;0 1,20 . 1k.0 12.5 18.0 039

1.20 . 1.0 1,20 | 15. .1 .0 18. 116

1.2 ﬂg.g 60.6 1.20 | 2 .Z% (3.115) 3.6 é.h 18.? .oz%

1.211 hs.2 60.1 1.20 1.{2 7.0 .3 17.2 .0

1.2 50.3 605 1.20 7.6 T.7 13.1 .021
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